Introduction
High-grade gliomas (HGGs) generally consist of anaplastic astrocytomas (WHO grade III) and glioblastoma multiforme (GBM; WHO grade IV), anaplastic oligodendrogliomas (WHO grade III), and the rare anaplastic oligoastrocytomas (WHO grade III), among which, GBM is the most frequent and common type of HGG in primary malignant brain tumors, with an incidence of 3-4 per 100,000, accounting for 15.6% of all primary brain tumors and 45.2% of primary malignant brain tumors. 1 The current standard treatment for HGG patients includes maximal surgical resection, followed by concurrent high-dose radiation and temozolomide (TMZ) chemotherapy.
During the past few decades, DC vaccines have been clinically investigated in a vast range of malignancies, including prostate cancer, renal cell carcinoma, melanoma, and even glioma. Regarding HGGs (malignant glioma), multiple Phase I/II trials have been reported; however, the objective response rate was only 15.6%. 9 Conversely, two meta-analysis published in 2014 indicated improved overall survival (OS) and progression free-survival (PFS) were obtained through DC vaccination in HGG patients. 10, 11 With more clinical trials completed in the past few years, we are trying to synthesize the data for the efficacy and safety of DC vaccine application in HGG patients with freshly updated retrievals from both randomized clinical trials (RCTs) and properly controlled non-randomized controlled studies (NRS).
Methods
Since this study is a meta-analysis of previously published studies, ethical approval and patient consent were not required.
This study was conducted and reported in adherence to Preferred Reporting Items for Systematic Reviews and Meta-analysis. 12 The PRISMA checklist was reported in Figure S1 .
literature search strategy
A systematic search of several online databases (PubMed, EMBASE, ISI Web of Science and Cochrane Library) was performed for original articles published in English language up to June 15, 2018 relevant to DC vaccine for HGGs. Clinical trials registered on the website ClinicalTrials. gov were also explored. The following search terms were applied to identify relevant studies: "High-grade gliomas" or HGGs or glioblastoma or GBM or "anaplastic astrocytomas" OR "anaplastic oligodendrogliomas" OR "anaplastic oligoastrocytomas", and "dendritic cell" or DC. Results from these databases were imported into the software of Endnote X7.7 for duplication checking to obtain a list of unique articles for subsequent screening. Gray literature was not included in the present analysis.
For Medline, we used the following search strategies, Search ((((((((((glioma OR "Anaplastic Astrocytoma" OR "Glioblastoma Multiforme" OR "High-grade glioma" OR astrocytomas OR oligodendrogliomas)) AND dendritic)) NOT ((mice OR animal OR rats OR murine)))) AND 
selection criteria
The following criteria were applied when considering studies for this meta-analysis.
Types of studies
The meta-analysis considered studies evaluating the effectiveness or efficacy of DC vaccine for patients with HGGs. The studies must have compared the intervention with no intervention or with a control intervention. RCTs or properly controlled NRS were eligible for inclusion.
Types of participants
Patients with primary or recurrent HGGs were included.
Types of interventions
Patients in the treatment group must have received DC vaccination. Patients in the control group must have been treated with conventional therapy without DC vaccine.
Types of outcome measures
Results must have included quantitative data for outcomes measured. The primary outcomes were OS and PFS. The secondary outcome was treatment-related adverse events (AEs), which included treatment-related withdrawals and discontinuations.
Conference abstracts and other forms of summary publication were excluded. In the case of multiple studies apparently based on the same population, only the study with the largest number of participants was included.
Data collection
References were managed using EndNote X7.7 software (Thomson Reuters, New York, NY, USA). Two authors (CLL, TL) independently screened studies identified in literature searches. Discrepancies were arbitrated by two other authors (BZ, YZ). Two authors (CLL, TL) independently extracted data from included studies using a predefined template. BZ and YZ checked the extracted data against the original studies.
Survival data and AEs were taken directly from tables or the text whenever possible; if such data were presented only in Kaplan-Meier curves, they were read by the Engauge Digitizer version 10.4 (free software downloaded from http://sourceforge.net).
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For the RCTs and NRS, Cochrane bias assessment tool and Newcastle-Ottawa scale 13 (NOS) were applied, respectively. Two authors (CLL and TL) independently assessed methodological quality of included studies, Discrepancies were arbitrated by HYY and YS.
Data synthesis and analysis
Statistical analysis was mainly performed using STATA SE (StataCorp LP, College Station, TX, USA). Pooled RRs using the Mantel-Haenszel method were calculated for dichotomous data. The homogeneity of the effect size across studies was tested using Q statistics, I
2 statistic was also used to assess statistical heterogeneity in the meta-analysis (high heterogeneity .50%; low heterogeneity, ,50%). Data were analyzed using fixed-effects models when P.0.10 for the Q statistic; otherwise random-effects models were used. 14 For the meta-analysis of each outcome, we conducted preplanned sensitivity analyses restricted to trials that included the efficacy of DC. Publication bias was assessed using Begg's funnel plots test 15 and Egger's regression test, 16 when studies included were more than ten. 17 P-value ,0.05 was considered to be significant, except where otherwise specified.
Results
study selection
A total of 353 potentially eligible studies were identified and reviewed. According to inclusion criteria, 241 studies remained after removing the duplicates. Screening of the titles and abstracts led to a final set of 42 studies that were read in full. Of these, 25 studies were excluded because they were not appropriately controlled, and four other studies were excluded due to absence of data for analysis. Eventually, three RCTs [18] [19] [20] and ten NRS, including five non-randomized controlled trials, [21] [22] [23] [24] [25] four historically controlled studies, [26] [27] [28] [29] and one cohort study, 30 involving 307 DC-vaccinated (DC group) and 637 non-DC-vaccinated (CT group: control therapy group) patients, were included in the meta-analysis. The detailed selection process was described in Figure 1 , according to the PRISMA Statement for reviews and meta-analysis. 31 
studies' characteristics
The characteristics of the 13 included studies were described in Table 1 , and the outcome data for OS and PFS were presented in Table 2 .
Five studies were from America, four from Europe, and the rest from Asia. All studies enrolled patients with HGGs of grade III anaplastic astrocytomas (AA), and/or IV (GBM). One cohort study, 30 two pilot studies, 21, 26 four Phase I trials, 22, 25, 27, 29 three Phase II trials, [18] [19] [20] and three Phase I/II trials were included in these studies. 23, 24, 28 Most of the studies enrolled patients with Karnofsky performance scale (KPS) score of $60, 20, 22, 23, 25, 27 two studies with KPS score of $70, 19, 28 and only one study with KPS score of $80. 29 However, there were still five studies without inclusion criteria for KPS score or relative data not available. 18, 21, 24, 26, 30 All studies contained at least two arms, one arm was conventional treatment, such as surgery, radiation, and TMZ chemotherapy, while the other arm had the addition of DC vaccination. For 7/13 studies, surgery, radiation, and chemotherapy were applied in both arms. [18] [19] [20] 22, 24, 26, 27, 29 Surgery and radiation were applied in two studies. 21, 28 In a non-RCT study, only chemotherapy was used as the control arm, 23 while in the cohort study, re-radiation therapy (always concomitant with re-operation) was used as the control arm and re-operation plus DC vaccine was used as the treatment arm. 30 The activation of DCs was achieved in different ways in different studies. Although autologous tumor lysates (ATL) were commonly used to activate DCs in these studies, [18] [19] [20] [21] 24, 25, 27 HLA-1-eluted peptides, 23 and acid eluted MHC-I enriched peptides were also alternatives to pulsed DCs. 22 Autologous glioblastoma stem cell mRNA 26 and cytomegalovirus pp65 mRNA 29 transfected DCs were administered in two other studies.
The dosage of DCs injected ranged from 10 6 -10
8
, and the vaccination cycles also varied greatly in different studies. The injection routes of DC administration mainly included intradermal (ID), 22, [24] [25] [26] [27] 29 intratumoral (IT), 24 subcutaneous (SC), [19] [20] [21] 28 and inguinal lymph node injection.
18
Os OS was assessed at the time point of 0.5 year, 1 year, 2 years, 3 years, 4 years, and 5 years, as shown in Table 3 (forest plots were included in Figure S2 ). No heterogeneity was observed, and fixed-effects models were used. We found that in all of the time points specified, OS was significantly better in DC group than that in CT group, except at the time point of half a year (P=0.391, pooled RR =1.058, 95% CI =0.930-1.203).
PFs
PFS analysis was performed at the time point of 0.5 year, 1 year, 2 years, 3 years, and 4 years (data were shown in Table 4 OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com
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li et al and forest plots were included in Figure S3 ). No advantages were observed in DC group in both 0.5-year PFS and 1-year PFS, although different models were used. In contrast, significantly better PFS data were found in DC group compared with CT group from the time point of 2 years (P=0.000, pooled RR =8.592, 95% CI =2. 
Subgroup analysis
Subgroup analysis was conducted according to regions (America vs Asia vs Europe), study design (NRS vs RCTs), method of DC activation (peptides vs ATL vs DNA constructs vs fusion of tumor cell lines), dosages (,2×10   7 vs $2×10 7 ), cycles (,4 vs $4), and route of injections (ID vs SC). Results were only reported for 1-year OS, 2-year OS, and 3-year OS, as shown in Table 5 . Studies published in America showed significant enhancement with DC vaccination in both 2-year OS (P,0.001, pooled RR =2.488, 95% CI =1.656-3.738) and 3-year OS (P,0.001, pooled RR =4.574, 95% CI =2.312-9.048); however, studies published in Asia also obtained better results in DC group in 3-year OS analysis (P=0.001, pooled RR =12.141, 95% CI =2.603-56.616). NRS indicated significant enhancement in DC group in both 1-year OS (P=0.018, pooled RR =1.226, 95% CI =1.036-1.450), 2-year OS (P,0.001, pooled RR =1.806, 95% CI =1.361-2.395), and 3-year OS (P=0.001, pooled RR =2.678, 95% CI =1.730-4.145). Different types of activation of DCs showed significant difference between DC group and CT group in 2-year OS, except for peptides' activation (P=0.080, pooled RR =1.983, 95% CI =0.922-4.266), perhaps due to the limited study numbers 
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Efficacy and safety analysis on DC-based vaccine-treated glioma patients (only one) in this group. No specific dosages, cycles or injection routes were found to be superior in the subgroup analysis, since significant difference between DC group and CT group regarding 2-year OS was found in all the groups within these subgroups.
aes
The most frequent AEs were low-grade fever, fatigue, and myalgia. 20, 22, [25] [26] [27] Injection site reactions, including erythema, pain, and itching, were reported in four studies. 22, 24, 25, 27 Nausea, vomiting, constipation, and diarrhea were recorded in three studies. 22, 26, 27 Severe vaccine-related AEs were only reported in two studies. Chang et al reported Grade III (3/17) and Grade IV (2/17) lymphopenia in DC group, 28 while Batich et al noted only one Grade III AE attributable to GM-CSF administration. 29 No death related to DC vaccination was reported in the included studies.
Risk of bias
Three RCT studies were assessed by Cochrane risk of bias tool with Revman 5.3. As shown in Figure 2 , most of the judgements for the three RCT studies were low risk of bias or unclear, with only one high risk of bias reported for Buchroithner et al. In that trial, data were not completely documented. 18 NRS was assessed by NOS 13 as shown in Table 6 , most of the studies scored more than six stars, indicating low risk of bias, with only one cohort study scoring five stars. 30 
sensitivity analysis
Sensitivity analysis was performed to explore an individual study's influence on the pooled results by deleting one single study each time from pooled analysis. Regarding 0.5-year OS, 1-year OS, 2-year OS, 3-year OS, 4-year OS, and 5-year OS, the results showed that no substantial change 
Publication bias
Publication bias was assessed by Egger's plot and Begg's test regarding OS and PFS, when studies included were more than ten. Results indicated that no significant difference was found in publication bias regarding OS (Begg's test: P=0.853, Egger's test: P=0.451, as representatively shown in Figure 4 for 1-year OS).
Discussion
In this meta-analysis, we evaluated the efficacy of DCs in treatment of HGGs, particularly in terms of the OS, PFS, and AEs. Results indicated that DCs could significantly improve OS and PFS without serious AEs. In the subgroup analysis, DCs were found to be more preferable in NRS than in RCTs in both 1-year OS, 2-year OS, and 3-year OS analysis. Interestingly, no specific difference was found both in 1-year OS and 2-year OS regarding cycles, dosages or routes of injection. Most of the individual subgroups was consistent with the primary outcome. We also performed sensitivity and publication bias analyses to investigate the robustness and bias between studies. In contrast to previous systematic reviews, 10, 11 we collected studies from different regions with different study designs and varied pulsing methods, dosages, cycles, and injection routes for DC administration. With these freshly updated retrievals, we suggest that DC vaccine is safe and effective in improving OS and PFS in HGG patients.
HGGs are some of the most aggressive and refractory brain tumors. Although intensive efforts have been made, the prognosis for HGGs still remains ominous. The poor success of current treatment might partially be due to the translational gap resulting from insufficient consideration of basic concepts of glioma biology in clinical trials. 32 One of the most important factors that affects the successful treatment of HGGs is the blood-brain barrier (BBB), which prevents the diffusion of anticancer drugs into the central nervous system (CNS). 33 Fortunately, DC vaccine provides a novel modality as immunotherapy, since CNS is no longer considered as an immune privileged site, but rather an actively regulated site of immune surveillance. 34 Similar to other leukocytes, DCs can transmigrate the BBB under multiple conditions via different pairs of receptors and ligands. 35 Our analysis further confirmed that DC vaccine was effective in prolonging the OS and PFS in HGG patients.
However, there is still a long way to go for DC vaccines to be standardized. As we summarized in this analysis, Table 6 Risk of bias of non-randomized studies by NOS scale 
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DCs were prepared in multiple ways, then administered via different routes for varied cycles with a broad range of dosages. To be activated, DCs were pulsed with ATL, peptides, DNA constructs or through fusion of DCs with tumor cell lines. 36 From this meta-analysis, we could not determine which kind of activation of DCs was better than the others. The magnitude of antigen-specific cytotoxic T-lymphocyte responses to DC vaccination is determined by the migration of DCs to lymphoid tissues. However, the migration was greatly affected by the administration route of activated, mature DCs. A variety of injection routes has been investigated, including ID, SC, intravenous, intraperitoneal, intranodal (intralymphatic), and IT. But the optimal route of administration has yet to be determined, although intranodal injection offers the advantage of DCs not needing to migrate, as they are already in close proximity to T-cells in the lymph node. 36, 37 From the data we collected, we could not make a suggestion for the route of DC administration in HGG patients. Neither could we come to a conclusion for the dosages or cycles to be applied.
Our study also had some limitations. Primarily, most of the studies included were NRS, although RCTs are well accepted as the gold standard for intervention studies. 38 Secondly, the basis for grouping patients in each study slightly differed, which could have affected the analysis of OS and PFS in each study to some extent. Thirdly, although there was no statistical publication bias in the overall analysis, only papers published in English with full-text were included in this meta-analysis. This may have resulted in other eligible studies that were unpublished or reported in other languages being left out. In addition, the cohort study and some RCTs without clear report on randomization or allocation concealment, increased the risk of bias in this meta-analysis.
Conclusion
DC vaccine is safe and effective in reducing mortality and tumor recurrence for patients with HGGs. In the future, double-blind, randomized, placebo-controlled trials in Phase III with adequate follow-up would provide more information on the analysis of DC application in cancers. 
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